Development of poly(ethylene glycol) conjugated lactoferrin for oral administration.
Lactoferrin (LF) is an iron-binding glycoprotein that possesses multifunctional biological activities. Recent reports from clinical trials suggest that LF is potentially effective as a therapeutic protein against cancer and gangrene. However, pharmaceutical proteins such as LF are unstable in vivo. Therefore, to improve stability, we developed mono-PEGylated bovine LF (20k-PEG-bLf) with branched 20 kDa (2 x 10 kDa) poly(ethylene glycol) (PEG). We examined in vitro activities such as iron binding, IL-6 cell based assay, and resistance to a proteolytic enzyme in artificial gastric fluid. The 20k-PEG-bLf protein was fully active in iron binding and exhibited 69.6 +/- 2.9% (mean +/- S.E., n = 6) of the original anti-inflammatory activity. The proteolytic half-life increased 2-fold over that of unmodified LF. In vivo pharmacokinetic analyses were performed to examine absorption from the intestinal epithelium and serum clearance. Direct administration of 20k-PEG-bLf (30 mg/kg) into rat stomachs demonstrated that the amount of absorption from the intestinal tract increased approximately 10-fold relative to unmodified LF. Intravenous injection of the protein (1 mg/kg) revealed that 20k-PEG-bLf prolongs serum half-life by approximately 5.4-fold, and that the area under the curve (AUC) was increased approximately 9.2-fold compared to that of unmodified LF. PEGylation improved the physical and pharmacokinetic properties of bovine LF. This is the first report on the use of bioconjugation of LF for the development of a promising oral pharmaceutical agent.